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Impounding is a step taken after a dam has been built. This study aims to determine the length of the 
first filling time, the amount of inflow volume in Rotiklot Reservoir in the year of dry water, the year 
of low water, the year of normal water and the year of water is sufficient using the Tank method. This 
study aimed to simulate initial filling of Rotiklot Reservoir using Tank Model. This study is 
expected to evaluate the most suitable Tank model. The model parameters were calibrated using the 
Genetic Algorithm optimization method. The determination coefficient between observed 
discharge and simulated discharge using 4 series tank is 0.531. It was greater determination 
coefficient obtained from 3 series tank simulation, 0.506. The total inflow volume in Rotiklot 
Reservoir in the year of dry water is 1.946 million m3, the year of low water was 7.289 million m3, the 
year of normal water was 9.699 million m3, and the year of sufficient water was 13.822 million m3. 
Based on the calculation result of the inflow volume of the year of the low water, the filling time is 
around three months, starting from mid-December to mid-March. 




Belu Regency of East Nusa Tenggara Province has 
dry climate (semiarid) with very short rainy season 
(December-March) and long dry season (April-
November), with rainy days about 40 days/year. 
Relatively short wet season with mountainous 
topography and rare vegetation resulting small 
rainfall (average < 1000 mm/year), which lead to 
main problem faced by local residents, water 
deficiency. Small amount of rainfall affects food-
crops production, such as palawija/rice and results in 
crop failure. It is urgent for government to address 
this water deficiency problem with concrete and 
long-term plans, by building a dam for example. One 
dam that has been built is Rotiklot Dam, located in 
Fatuketi Village, Kakuluk Mesak District, Belu 
Regency of Nusa Tenggara Timur Province. This 
dam retains the flow of water in the Motamuru 
River, which has a length of 6.6 km, with 11.69 km2 
watershed area. The Rotiklot Dam was designed with 
a storage capacity of 2.9 million m3 water. The 
presence of Rotiklot Dam is expected to provide 
benefits including: 1) to supply water for irrigated 
land covering an area of 139 hectares and a crop of 
500 hectares; 2) to control floods in flood-prone 
areas downstream of the dam; 3) Raw water supply 
for the people of Belu Regency especially the 
Fatuketi Village community (Rotiklot Dam Design 
Note, 2012). 
The construction of this dam consisted of several 
stages, which were construction preparation, 
development planning, construction and 
impounding. Initial filling is a stage that is carried 
out after construction work is completed and is a 
critical moment that must be passed in the 
construction of a dam. In this stage, the amount of 
inflow into the inundation area will be very 
influential. If the inflow is small, the initial filling 
time will be long and can cause drought in the 
downstream of the dam. 
2 RESEARCH METHODS 
2.1 Location and Time Research 
The study was conducted in the Rotiklot Dam 
Watershed with a river length of 6.6 km with an area 
of 11.69 km2 (Rotiklot Dam Design Note, 2012) 
located in Fatuketi Village, Kakuluk Mesak District, 
Belu Regency, NTT Province. The study was 
  
conducted for approximately 1 (one) year, starting 
from May 2018 to April 2019 
2.2 Research Map Diagram 
 
Figure 1. Research Flowchart  
2.3 Data Analysis 
Analysis of the data used in this study include: 
a. Hydrological data 
1. Rainfall data from 1992 to 2016 (25-
years) from the Atambua rain station 
2. Climatology data from 1992 to 2016 (25 
years) obtained from BMKG (Badan 
Meteotologi, Klimatologi dan Geofisika, 
or Meteorological, Climatological and 
Geophysical Agency)  Lasiana Station 
3. Oesao River discharge observation data of 
Automatic Water Level Recorder AWLR 
(AWLR), from 1994 to 1996 was obtained 
from Nusa Tenggara II River Organisation  
b. The technical data of dam was obtained from 
Balai Wilayah Sungai (BWS) of Nusa 
Tenggara II Dam Working Unit. The technical 
data obtained regarding the Rotiklot Dam are 
shown in Table 1. 








Primary Data Secondary Data
1.  Documentation
Dam Technical Data  :
1.  Extensive Data Watershed
2.  Planned Storage Volume
Hydrological Data
1.  Rainfall Data (1992-2016)
2.  Climatology Data (1992-2016)
3.  Observation Discharge Data
     (1994-1996)
 Data Analysis
Analysis observation




Recap the amount o annual
rainfall at the Atambua rain
station
Look for tank parameters
using GA Optimization for
Excel for tank models
arranged in 4 series
Calculation of simulation
discharge with Tank Model
Tank Models
Arranged in 4 Series
Total Runoff (mm)
Finished
Runoff thickness (mm) is converted
to discharge (m3/second)
Debit (Q) =       Q(t)x Large DAS
24 x 60 x 60 x Number of days
Q simulation ˜ Q observation
Test determination (r2)









if r2 Tank Model is composed
of 4 series > r2 Tank Model is
composed of 3 series
hence, the 4 series tank model
is best used
Half monthly debit inflow
(m3/second)
Half monthly inflow volume (million m3)
V  =  Debit x number of days x 60 x 60 x 24
106
Probability of discharge reliability (%)
Year of water is enough (Q 26.05%)
Normal year of water (Q 50%)
Low water year (Q 80%)
Year of dry water (Q 97.30%)
Length of filling (months) with




Look for tank parameters
using GA Optimization for
Excel for tank models
arranged in 3 series
if r2 Tank Model is composed
of 3 series > r2 Tank Model is
composed of 4 series




Arranged in 3 Series
No. Rotiklot Dam Technical Data Denomination/Unit 
1 Catchment Area 11.69 km2 
2 River Length 6.6 km 
3 
Maximum Water Level 
Elevation + 54.8 m 
4 Minimum Water Level Elevation + 52.50 m 
5 Storage Volume 2.9 million m3 
6 Inundation Area 22.5 Ha 








7.1  Type 
Zonal heap with 
sloping core 
7.2  Peak Length 142.71 m 
7.3  Maximum height 15.00 m 
7.4  Peak Elevation + 55.50 m 
7.5  Free Board (Q1000) 0.70 m 
7.6  Up Stream Slope 1 : 3.00 
7.7  Down Stream Slope 1 : 2.50 






8.1  Location Right Side 
8.2  Geology Weathered clay stone 
8.3  Design Flood (Q1000) 329.79 m3/second 
8.4  Type 
Front spillway 
without door 
8.5  Crest Length 30.00 m 




9.1  Type 
Pipes with Setting 
Doors in 
Downstream 
9.2  Capacity 0.196 m3/second 
9.3  Pipes Outlet 250.00 mm 
  
3. RESULT AND DISCUSSION 
3.1  Description of Research Location 
Rotiklot Dam is located in Fatuketi Village, Kakuluk 
Mesak District, Belu Regency., on the coordinate 
9°4'1.82"S and 124°50'11.33"E. Rotiklot Dam is an 
earth-fill dam, this dam is approximately 8.74 km 
from the center of Atambua. 
 
Figure 2. Rotiklot Reservoir Location 
Source : Google Earth, 2018 
 
3.2 Rainfall Data Analysis 
Rainfall data obtained from BMKG Lasiana Station 
was daily rainfall data which will then be processed 
into half-monthly rainfall data. Rainfall data were 
obtained from the nearest station from the Rotiklot 
Dam location, Atambua rain station, and this station 
is valid to be used because the distance is close to the 
location of the reservoir and still within the 
Motamuru River Basin. Rainfall data were collected 
from 1992-2016 (25 years). 
  
 
Figure 3. Atambua Station's Annual Rainfall from 
1992 - 2016 
According to data, from 1992-2016, the maximum 
annual rainfall value in Atambua was recorded on 
2008 with a value of 3,029 mm, while the minimum  
annual rainfall occurred on 2007 with a value of 956 
mm. 
 
3.3 Evapotranspiration Data Analysis 
Potential evapotranspiration is very important for 
calculating the discharge of the Tank model. 
Potential evapotranspiration was recapitulated in a 
half-monthly period because the discharge simulated 
by Tank models used half-monthly 
evapotranspiration. An application program called 
CROPWAT 8.0 was used to calculate potential 
evapotranspiration. This application is a decision 
support system developed by the FAO Division of 
Land and Water Development based on the Penman-
Monteith method, to plan and regulate irrigation. 
 
Figure 4. Half-Monthly Evapotranspiration  
In Figure 4 the maximum monthly 
evapotranspiration value obtained in the second part 
(II) of August with a value of 90.01 mm and the 
minimum occurs in the first part (I) of December 
with a value of 58.42 mm. The average value of 
evapotranspiration in the Motamuru watershed is 
72.65 mm. The results of the half-monthly 
evapotranspiration in the Motamuru River basin 
above will be used for the next calculation. 
3.4 The Tank Model Structure 
3.4.1 Equation of the original Tank model 
The tank model basically simulates rainfall that falls 
at a time P (t) which then fills up tank I. Water that is 
collected by tank I flows through holes in the right 
wall or seeps through holes in the bottom of the tank 
and enters filling tank II. Water collected in tank II 
will flow through holes in the right wall or seep 
through the bottom of the tank and enter the tank III. 
More downward infiltrated water will stabilize the 
groundwater and flow slowly out of the aquifer 






















































































































































































in the tank wall. This process repeats until the last 
tank. 
Modified tank model equation 
In this study 2 tank models will be used, namely 3 
series and 4 series. Both of these tank models 
basically have the same concept. 
3.4.2 Three Series Arranged Tank Model 
This tank model consists of 3 tanks arranged 
vertically. The row of tanks from this tank model can 




Figure 5. Rows of Modified 3 Series Tank Model  
3.4.3 Four Series Arranged Tank Model 
This tank model consists of 4 pieces of tanks 
arranged vertically. The row of tanks from this tank 








Figure 6. Rows of Modified 4 Series Tank Model 
3.5 The Tank model parameters calibartion using 
Genetic Algorithm (GA) optimization method 
In the previous calculation the coefficient of 
determination (r2) has not fulfilled the requirements 
of 0.50 ≤ r2 ≤ 1.00 for satisfying r2 values. So, for 
that purpose, a Genetic Algorithm Optimization for 
Excel software is used as shown in Figure 4.11. This 
software use an excel spreadsheet as a link to display 
results. In the function section, the optimization type 
is selected from the drop down (minimize, optimize, 
target) in the design variable, enter the cell excel 
link, which will then display the new parameters, and 
provide realistic boundaries between the lower and 
upper limits as given by Setiawan et al. (2003) and 
JICA. The constraints section is selected as the 
boundary that will be used for the new parameters to 
be searched ("less or equal <=", "greater or equal> 
=" or "exactly equal ="). After all the settings are 
filled select the Run GA tab then click Run then the 
software will do an iterative process in finding new 
parameters that are more optimal. In this study 
looking for new parameters will be done twice, for 3 
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arranged in series so that, these two tank models will 
have different parameter coefficients 
3.5.1 Three series arranged Tank Model 
After re-calibrating the new parameters using the GA 
Optimization for Excel software, the new 
determination coefficient of r2 is 0.506 which is an 
acceptable result according to the terms 00,50  ≤ r2 ≤ 
1,00 
Table 2. Value of Coefficients and Parameters 
Results of GA Optimization for Excel for 3 Series 
Arranged Tank Models 
 
 
3.5.2 4 Series Arranged Tank Model 
After recalibrating the new parameters using the GA 
Optimization for Excel software, the new r2 
determination coefficient was obtained at 0.531 r2 
determination coefficient for the 4 series tank model 
is much larger than the tank model arranged in 3 
series so that for the next calculation a 4 tank model 
is used series. 
Table 3. Value Coefficients and Parameters Results 




Table 4. Results of Calibration of Simulated Runoff 




3.6 The calculation of the discharge simulation of 
4 series arranged tank model with the coefficients 
and parameters of the calibration results 
Table 5. shows that the results of the recapitulation 
of monthly inflow volume probabilities in the 
watershed of Rotiklot Reservoir are divided into 4 
season criteria according to Suyono Sosrodarsono, 
that are : 1). The year of dry water with the total 
inflow into the reservoir annually, amounting to 
1.9461 a reliability of 97.30% is obtained by million 
m3. 2). the year of low water with a reliability of 
75.34% is obtained by the total inflow into the 
reservoir annually at 7.2898 million m3. 3). the year 
of normal water with a reliability of 50.68% is 
obtained by the total inflow into the reservoir 
annually at 9.6991 million m3. 4). The year of water 
Ha 0.0000 Hb 0.0850 Hc 2650.0000
Da1 60.0000 Db1 0.0000 Dc1 0.0000
CQa1 0.0000 CQb1 0.0000 CQc1 0.0000
Da2 15.0000 Db2 30.0000 Dc2 0.0000
CQa2 0.0820 CQb2 0.0300 CQc2 0.0060
CIa 0.0450 CIb 0.0100 CIc 0.0000
Tank 1 Tank 2 Tank 3
Ha 0.0000 Hb 0.0000 Hc 908.8381 Hd 2950.2744
Da1 60.0000 Db1 0.0000 Dc1 0.0000 Dd1 0.0000
CQa1 0.0000 CQb1 0.0000 CQc1 0.0000 CQd1 0.0000
Da2 15.0000 Db2 30.0000 Dc2 0.0000 Dd2 0.0000
CQa2 0.0900 CQb2 0.0900 CQc2 0.0098 CQd2 0.0033
CIa 0.0600 CIb 0.0201 CIc 0.0019 CId 0.0000






1994 January 1.38 0.44 
February 2.46 1.43 
March 2.53 2.09 
April 2.07 4.90 
May 1.22 1.40 
June 1.11 1.46 
July 1.03 1.22 
August 0.99 1.11 
September 0.99 0.31 
October 0.92 0.00 
November 0.92 0.00 
December 1.20 0.46 
1995 January 1.95 1.05 
February 2.64 1.24 
March 2.98 10.52 
April 2.74 8.71 
May 1.84 4.11 
June 1.39 2.83 
July 1.27 1.82 
August 1.20 1.49 
September 1.18 1.28 
October 1.09 1.22 
November 1.07 1.09 
December 2.14 1.29 
1996 January 2.12 3.10 
February 2.78 8.22 
March 3.14 10.31 
April 2.61 6.21 
May 1.78 4.55 
June 1.45 3.74 
July 1.32 3.37 
August 1.24 3.40 
September 1.21 0.09 
October 1.11 0.07 
November 1.09 0.09 








is enough with a reliability of 26.02%, and the total 
inflow into the reservoir per year is 13.8217 million 
m3. 
Table 5. Recapitulation of Inflow Volume With 
Opportunities for Reliability in Watersheds 
 
3.7 Filling Time Analysis 
Table 6. shows that the initial filling was carried out 
in mid-December. Thus, the amount of inflow 
volume in the Rotiklot Reservoir counted from that 
time. The length of time needed for initial filling in 
Rotiklot Reservoir is 3 months, until the middle of 
March which has exceeded the capacity of Rotiklot 
Reservoir which is 2.9 million m3. The length of 
time for initial filling or filling in Rotiklot Reservoir 
can be seen in Figure 7. 
 





Figure 7. Length of Initial Filling in Rotiklot 
Reservoir 
 
Figure 7. shows that in the first part (I) of December 
the inflow volume that fills the Rotiklot Reservoir is 
still worth zero (0). Then in the second part (II) in 
December the inflow volume filled 0.308 million m3. 
The increase in the amount of inflow volume that 
fills the Rotiklot Reservoir in the following months 
is increasing until in the first part of March (I). The 
total volume of water collected in Rotiklot Reservoir 
until the first part of March is 2,929 million m3, 
which means that the planned storage volume of 2.9 
million m3 at an elevation of +54.8 masl has been 
reached. The excess water would pass through the 
spillway as much of 0.29 million m3 at the beginning 
of March. 
4 CONCLUSION 
1. The number of inflow simulation volumes on the 
Motamuru river calculated using the 4 series 
arranged tank model inflow maximum volume 
occurred in 1999 amounted to 21.56 million m3 
while the minimum  value occurred in 2007 at 
2.23 million m3, the average volume inflow of 
Rotiklot Reservoir is 10.40 million m3. 
2. Based on the criteria of Suyono Sosrodarsono 
probability calculations are divided into four 
criteria, namely: 
a. The year of dry water with a reliability of 
97.30% is obtained by the annual inflow 
into the reservoir, amounting to 1.9461 
million m3. 
b. The year of low water with a reliability of 
75.34% is obtained by the total inflow into 
the reservoir annually at 7.2898 million m3. 
c. The year of normal water with a reliability 
of 50.68% is obtained by the annual inflow 
into the reservoir at 9.6991 million m3. 
d. The year of sufficient water with a 

















January 0.0796 0.2132 0.3364 0.9009 0.4281 1.1466 0.5832 1.5622
February 0.0721 0.1744 0.4846 1.1723 0.6125 1.4818 0.9076 2.1956
March 0.0889 0.2381 0.4460 1.1947 0.6031 1.6153 0.9100 2.4373
April 0.0879 0.2277 0.4172 1.0815 0.5227 1.3548 0.8033 2.0823
May 0.0591 0.1583 0.2412 0.6462 0.3552 0.9512 0.5182 1.3879
June 0.0575 0.1491 0.1586 0.4110 0.2219 0.5752 0.3229 0.8369
July 0.0529 0.1416 0.1261 0.3377 0.1756 0.4704 0.1994 0.5341
August 0.0505 0.1353 0.1098 0.2942 0.1543 0.4133 0.1794 0.4805
September 0.0488 0.1265 0.1001 0.2594 0.1411 0.3657 0.1702 0.4413
October 0.0432 0.1156 0.0864 0.2315 0.1267 0.3395 0.1553 0.4160
November 0.0412 0.1068 0.0851 0.2207 0.1354 0.3510 0.1564 0.4053
Desember 0.0596 0.1596 0.2016 0.5399 0.2368 0.6343 0.3892 1.0423
Total 1.9461 7.2898 9.6991 13.8217
Month
Year of Dry Water Year of Low Water Year of Normal Water Year of Water Enough
Season Criteria
97.30% 75% 26.02%51%
(Unit : Million m
3
)















































































into the reservoir per year is 13.8217 
million m3 
3. The duration of filling time needed by Rotiklot 
Reservoir in order to reach a planned pool of 2.9 
million m3 according to this study is for three and 
a half months, from the middle of December to 
March in the first part (I). The volume of water 
collected in Rotiklot Reservoir is 2,929 million 
m3, which means that the planned volume of 
storage is 2.9 million m3 at an elevation of +54.8 
masl so that the excess water that will pass 
through the spillway is 0.29 million m3 at early 
March. 
4. Determination value of r2 produced by the tank 
model composed of 3 series is 0.506. Whereas 
the 4 series tank model of the determination 
value of r2 produced is equal to 0.531. So, based 
on the determination value of r2 from the two 
tank models, the 4 series tank model is the most 
suitable tank model to be used in the Rotiklot 
Reservoir watershed and can be used as a tank 
model for simulation discharge calculations in 
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